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It has long been known that individual resistance to tuberculosis is associated 
with  activity of the  lymphoid tissues.  Webb and  Williams  (1,  2)  observed a 
direct relationship between the lymphocyte count and the extent and activity of 
the disease.  Soon afterward Webb, Williams, and Basinger (3) reported beneficial 
effects in clinical tuberculosis which they interpreted as due to the lymphocytosis 
induced by altitude and by passive hyperemia.  Webb (4) then reported the ob- 
servation of phagocytos]s of tubercle bacilli by lymphocytes in cockroaches  and 
grasshoppers.  At this time, however, no differentiation had been made between 
lymphocytes and monocytes in the classification  of the blood cells.  The workof 
Schilling  (5) and Sabin (6) has since established the fact that the monocyte is a 
distinct  cellular entity.  More recent investigations (7-9)  have shown that  it is 
this cell, not the lymphocyte, which phagocytizes tubercle bacilli.  Nevertheless, 
further  work has  confirmed the  belief of Webb,  Williams,  and  Basinger,  that 
lymphocytosis is  correlated with resistance to  tuberculosis.  Murphy  and Ellis 
(10)  observed increased susceptibility to  this disease  in  mice,  guinea pigs,  and 
monkeys subjected to extensive destruction of lymphoid tissues by repeated doses 
of X-rays.  Murphy and Sturm  (11) then showed  that animals exposed to dry 
heat  respond with increased numbers of lymphocytes in  the  circulating blood. 
The mechanism of this response was explained by Nakahara (12).  Murphy and 
Sturm (13) further reported increased resistance to tuberculosis in animals showing 
lymphocytosis induced by heat.  This observation has been confirmed  by Bick- 
ford and Smithburn  (14) who used rabbits, but their results were less favorable 
when guinea pigs were employed.  The experiments of Murphy (15) tend to show 
that the state of lymphoid activity is the cause rather than the effect of resistance 
to  tuberculosis. 
Cunningham, Sabin,  Sugiyama, and Kindwall (16) first called attention to the 
monocyte-lymphocyte ratio as an index to the progress and extent of the disease. 
They found lymphoponia to be associated with poor resistance,  and that the lym- 
phocytes in the circulation increase with an increase of resistance.  That the state 
of tuberculous lesions  in  the tissues  is not correlated alone with the number of 
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circulating monocytes  was shown by Sabin, Doan, and Cunningham  (17).  The 
latter observations have since been repeatedly confirmed (18-22). 
Doan and Sabin (23)  recently reported experiments in which they 
influenced the monocyte-lymphocyte ratio of tuberculous rabbits by 
bringing about decreased numbers of circulating monocytes, with the 
result that a greater number of the animals survived into the chronic 
phase of the disease.  It seemed advisable to study further the effect 
of induced lymphocytosis on the course of experimental tuberculosis. 
The work of Wiseman  (24)  has made available a  simple method  of 
inducing lymphoid hyperplasia.  In  the  present  study  this method 
has been applied to the problem of experimental tuberculosis in rabbits. 
EXPERIMENTAL 
Twenty-five rabbits were used in the experiments.  A  suitable control period 
was allowed during which studies of the blood ceils were made at frequent intervals. 
All differential counts were made with the supravital technique.  Fifteen animals 
served  as  untreated  tuberculous  controls.  Five  animals  received  embryonic 
extract (24, 25)  daily, beginning 14 days before inoculation, and in five others the 
injections were started 5 days after inoculation. 
The  embryonic extract was prepared in  the following manner.  Fertile eggs 
were incubated 7 days.  The embryos were  removed under aseptic precautions, 
crushed, and 3 cc. of freshly prepared physiological saline solution was added for 
each embryo.  This suspension was then passed through  sterile filter paper with 
suction  and  injected immediately into  the  animals.  Injections  of  the  extract 
were given into the left ear vein daily except Sunday, and in all instances except 
one they were continued until death.  The amount of extract injected was that 
derived from one embryo.  In the case of R 1652 the last injection was given on the 
124th day of the disease. 
The organisms used for inoculation were from a  10 day subculture of bovine 
tubercle bacilli, Strain B-l, isolated by Dr. Theobald Smith, which had been grown 
on  Petroff's egg-gentian violet media.  This strain is known  to be virulent for 
rabbits.  Each rabbit received 0.1 rag. (moist weight) of organisms suspended in 
1  cc.  freshly prepared normal saline in  the  right  ear vein.  Inoculations were 
made in groups of fifteen and ten, specific untreated controls inoculated from the 
same suspension being included in each group. 
Studies of the blood were made once or twice weekly during the 1st month after 
inoculation, and once or twice monthly thereafter.  Blood for counts was obtained 
from puncture of the marginal vein of the left ear.  Autopsies were performed on 
all animals.  The tissues were fixed in Helly's solution and  the paraffin sections 
were stained with hematoxylin and  eosin.  In addition, the lymph nodes  from 
some of the animals were stained by the method of Giemsa. KENNETH  C.  SMITHBURN  175 
RESULTS 
The blood counts of the animals treated with embryonic extract 
showed both a relative and an absolute increase in lymphocytes.  In 
addition, as Wiseman (25)  has shown, there was an increase in the 
number of young lymphocytes in the circulation, as well as evidence 
of hyperplasia in the fixed sections of lymph nodes.  After the control 
period the animals treated with embryonic extract showed lower values 
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C~T  1. Lymphocyte counts of the treated and control animals in the first 
experiment.  The counts of the animals were fused and averages taken, so that 
the count on any one day is an average for the group.  The date of the first injec- 
tions of embryonic extract and the date of inoculation are indicated.  The curve 
for the treated animals is the shorter because the animals died earlier. 
for hemoglobin and red blood cells  than their specific controls.  No 
other changes of significance occurred in the blood. 
Chart I shows a graph of the circulating lymphocytes of the animals 
included  in  the  first  experiment;  namely,  ten  tuberculous  controls 
and five rabbits which received embryonic extract beginning 14 days 
before inoculation.  The  values on  the  chart  represent  an  average 
for the fused counts made on any one day.  It will be noted that the 176  EFFECT  OF  LYMPHOCYTOSIS  ON  TUBERCULOSIS 
treated animals  showed an increase in lymphocytes to 5,500 on  the 
day of inoculation.  The number of lymphocytes continued to  rise 
and reached a peak of more than 8,000 cells 9 days after inoculation. 
Thereafter a  decline occurred but  the  treated animals  continued to 
show  higher  average  values  for  lymphocytes  than  the  untreated 
tuberculous controls. 
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CItART 2.  Values for hemoglobin and red blood cells for the animals included 
in  the  second experiment.  Hemoglobin values  are  in  per  cent  (Newcomer 
method) and  red blood cells in millions per c. mm.  The dates  of  inoculation 
and first injection of embryonic extract are indicated. 
On  Chart  2  are  recorded the  values  for hemoglobin  (Newcomer) 
and red cells of the animals included in the second experiment.  In 
this experiment the five animals received embryonic extract beginning 
5  days after inoculation.  Here again  the recorded values represent 
an average of the fused values determined on any one day.  It will KENNETH  C.  SMITHBURN  177 
be  noted  on  this  chart  that  both  hemoglobin  and  red  blood  cells 
were lower throughout the course of the disease in the animals treated 
with embryonic extract. 
The average survival after inoculation in the two groups of treated 
animals was 82.7 days, as compared with 114.26  days for the controls. 
However, as Thomas  (27)  has  shown,  the  average  survival for any 
group is less significant  than  an  analysis of death  rates  per unit  of 
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C~RT 3.  Number of animals (per cent of the whole) which died in each 15 
day interval of the disease.  The vertical line through the seventh segment indi- 
cates the division made by Thomas  between acute and  chronic phases of the 
disease. 
time or,  more  specifically,  the  distribution  of deaths  through  acute 
and chronic phases of the disease.  Accordingly, on Chart 3 is shown 
the distribution  of deaths by 15  day periods throughout  the experi- 
ment  (see Thomas  (27),  Fig.  1).  It will be noted that  only 20 per 
cent  of the  animals  treated  with  embryonic  extract  survived more 
than  100 days, while more than 50 per cent of the controls survived 
beyond this period. 178  EFFECT  OF  LYMPHOCYTOSIS  ON  TUBERCULOSIS 
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In Table  I  are presented  the  pathological findings.  All animals with numbers under  1600  were included in  th 
extent of tuberculosis in a  given viscus, from slight to massive.  Diff. indicates  diffuse  proliferation of  epithdioid 
Blank spaces indicate no tissue saved.  --  indicates no tuberculosis found.  G.C. refers to Langhans or rosette gian 
the nodes.  Lymph  reaction to  tb.  indicates  the extent  to  which tubercles in the various viscera were walled,~ff wi: 
* These are serial numbers of animals used in this laboratory covering a term of years. KENNETH  C.  SMITHBURN  179 
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te first experiment; all with numbers over 1600 were in the second experiment.  -k- to  ++++  indicates the 
cells without formation of discrete  tubercles.  Tb.  indicates lesions which were discrete and circumscribed. 
~t cells.  By young lymphocytes is intended an estimation of the relative numbers of immature lymphocytes in 
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Interesting observations were made in  the  study of  the  stained 
sections.  As has been pointed out by Doan and Sabin (28) and more 
recently by Thomas  (27),  the animals dying in  the  early or  acute 
phase of experimental tuberculosis show extensive, widespread, diffuse 
involvement of the  bone marrow, lymph nodes,  spleen,  and lungs. 
Thereafter, as the above investigators noted, there is gradual regres- 
sion of the lesions in these organs; and throughout the disease signifi- 
cant changes in the blood cells occur which reflect the altered patho- 
logical picture.  In Table I  are recorded the distribution,  character, 
and roughly the extent of the tuberculous lesions occurring in the vari- 
ous organs of the 25 rabbits in these experiments.  The treated and 
control animals are arranged in this table in the order in which they 
died.  The changing pathological picture of experimental tuberculosis 
described by Doan and Sabin and later by Thomas may be observed 
in the study of this table.  It has also been observed that lesions in 
the testes and eyes tend to occur late in the disease; that renal lesions 
become more extensive as time goes on; that the adrenal and ovary 
are not frequently involved; that lesions in the liver are usually not 
extensive and  often  consist  of  isolated  Langhans  or  rosette  giant 
cells  alone; and that generally speaking,  tuberculous lesions  in any 
organ are first diffuse, later becoming discrete and circumscribed. 
Attention has  been  called  by  several  investigators  to  the  early 
increase in circulating monocytes with progression of tuberculosis in 
the various organs.  In addition to the gradual upward trend in the 
number of monocytes, frequently there are showers of these cells in 
the  blood  stream;  and  the  monocytes in  such instances  are  often 
modified or stimulated and approach epithelioid cells in appearance. 
A reasonable explanation for such a phenomenon has been observed 
in the study of stained sections from some of the animals dying in the 
early stages of this experiment.  Rabbits R 1649, R 1651, and R 1654, 
which died on the 29th, 31st, and 48th days respectively, each showed 
intravascular tubercles in the vessels of the lungs, in one instance in 
an arteriole, in the others in veins.  In a few of these intravascular 
lesions  the  epithelioid cells  lay beneath the  vascular endothelium; 
in other instances vascular endothelium was not to be seen, the tuber- 
culous tissue being exposed to the circulating blood.  A  few of the 
smaller veins in some of these sections were completely occluded by KENNETH  C.  SMITHBURN  181 
tuberculous  thrombi.  It  is  quite  possible,  indeed  probable,  that 
some of these cells may be swept free in the blood stream and account 
for the highly stimulated forms of monocytes or even epithelioid cells. 
It is quite conceivable also that if a  large clump of cells were swept 
into the blood stream as an embolus it might account for some of the 
deaths occurring early in the disease when thrombosis is present. 
Ropes (30) has shown that the columnar or cuboidal cells of tracheal 
and bronchial epithelium exhibit staining reactions similar to phago- 
cytic cells, and themselves possess phagocytic power.  Three animals 
in  this  series, R  1548,  R  1650, and R  1653,  exhibited areas in  the 
sections in which there was marked proliferation of bronchial epithe- 
lium and in which bronchial epithelial cells were apparently in process 
of fusion to form giant cells.  The cytoplasm of the latter was foamy, 
giving the appearance of phagocytic activity.  It will be noted that 
these animals died on the 39th, 26th, and 33rd days respectively, at 
times that is to say, when the extent of disease in the lungs was near a 
maximum. 
An effort has been made to  estimate the state  of activity of the 
lymph nodes on the basis of the numbers of young lymphocytes in 
the sinuses, cords, and follicles, the size of the follicles and the number 
of mitoses in them.  These observations are recorded near the right 
side of Table I and, as can be seen, they bear no direct relation to the 
number of lymphocytes seen about  tubercles  (recorded in  the next 
column),  or  to  resistance.  However,  there  is  apparently  a  direct 
correlation between the activity of the lymph nodes and the extent 
of  tuberculosis  in  these  structures.  Indeed,  it  appeared  as  if  the 
germinal centers of the nodes were the site of election for tubercle 
formation. 
In  the lymph nodes the earliest involvement is  exhibited by the 
presence of epithelioid  cells  in  the  peripheral  sinuses.  These  cells 
are scattered diffusely and rarely occur in clumps forming tubercles. 
The germinal centers of the follicles next become involved, after which 
the  lesions  spread  in  all  directions from the  germinal centers.  In 
numerous  lymph  nodes  the  germinal  centers  alone  are  involved. 
Moreover, nodes which show the greatest hyperplasia,  that is,  the 
most reversion to the primitive cell type, show most extensive tuber- 
cu]osis in  the  germinal centers.  It is  as if the disease reaches the 182  EFFECT  OF  LYMPIIOCYTOSIS  ON  TUBERCULOSIS 
lymph nodes through the lymphatic vessels and, having gained access 
to the node, resides and progresses  in the place where the primitive 
cells are most abundant.  It seems reasonable, then, to suppose that 
the primitive cell which normally gives rise to the lymphocyte may, 
on  occasion,  differentiate into  a  monocyte or  epithelioid  cell  and 
function as such. 
It is also interesting to note that the mesenteric nodes were the most 
frequently involved, which seems almost paradoxical in view of the 
observations of Forkner (29) that monocytes are rarely seen in these 
nodes from normal animals.  In  the present experiments tubercles 
were seen in 70 per cent of 51 lymph nodes from animals treated with 
the embryonic extract, as against 49 per cent of 69 nodes from the 
specific controls.  Since in young individuals there is greater activity 
of lymph nodes than in older persons,  there appears to be some simi- 
larity between the lymphoid tuberculosis of the treated animals in 
these experiments and the tuberculosis of children, which most fre- 
quently involves the lymphatic system. 
It may be,that when lymphocytosis is accompanied by increased 
resistance the age of lymphocytes is an important factor, or that lym- 
phocytosis  is  an  incidental  expression  of  some  influence  directly 
responsible  for  resistance.  Further  experiments  are  in  progress, 
which it is hoped will elucidate these points. 
SUMMARY 
I.  Chick  embryo extract given  intravenously did  not  favorably 
influence the course of experimental tuberculosis in rabbits, although it 
did cause lymphocytosis and lymphoid hyperplasia. 
2.  The  tuberculous  animals  treated  with  chick  embryo  extract 
showed lower values for hemoglobin and red blood ceils than tubercu- 
lous controls inoculated from the same suspension. 
3.  Under the  conditions of these experiments an  increase in  the 
number of young, immature cells in the lymph nodes was accompanied 
by more extensive tuberculous lesions in the lymph nodes and espe- 
dally in  the germinal centers of the nodes.  A  possible  analogy to 
lymphatic tuberculosis in children is suggested. 
4.  The observations of previous investigators on  the progression 
and later regression of lesions in experimental tuberculosis have been KENNETH  C.  SMITI-IBURN  183 
confirmed.  The  distribution,  character,  and  extent of lesions have 
been studied and are presented in tabular form. 
5.  The  presence  and  significance  of  tuberculous  thrombi  in  the 
lungs are  discussed. 
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